The vegetation physionomy and cover can show patterns of diversity and composition of the edaphic community, depending on the quantity and quality of litter in a specific habitat. The objective of this study was to evaluate the effect of the vegetation gradient formed by Graminoid Field (GRF), Cerrado Sensu Stricto (CSS), Cerradão (CRD) and Semideciduous Seasonal Forest (SSF) on density, diversity and composition of the edaphic fauna community in two seasons of the year, in the Sete Cidades National Park (Piauí state). For fauna sampling, a total of eight pitfall traps, distanced 10 m, were placed in each area in the central part of each system, where they remained for seven days. In the wet period, there was a tendency to increase the number of individuals as a function of the complexity of the vegetation formation, with the inverse occurring in the dry period. It was verified an environmental variation of the climatic factors temperature and humidity according to the vegetal formation, contributing to a heterogeneous distribution of the fauna. The GRF formation presented a significantly lower value of average richness only in the dry period. Regarding the variables of diversity and uniformity, they did not show drastic variations in relation to the vegetation gradient studied. The dominant groups in the vegetation gradient were Formicidae, Coleoptera, Aranae, Acari and Collembola, with reduction of the number of Coleoptera in the dry season. Principal component analysis (PCA) revealed greater differences in the composition of the communities between the vegetation formations for the rainy season. At this time, the formations SSF and CRD were associated to a greater diversity of invertebrates than CSS and GRF, demonstrating the influence of the vegetation complexity on the soil fauna community.
Introduction
The Sete Cidades National Park (PNSC), created in 1961, is located in the state of Piauí and is one of the most important Conservation Units of the northeastern Savanna, where several phytophysiognomic types can be recognized, composing a vegetation gradient with rural formations, savannas and forests (Matos and Felfili, 2010) . The distribution and composition of the PNSC plant communities appear to be related to its own geographical location in areas bordering different floristic domains (Farias Castro, 2003) .
These phytophysionomic variations in PNSC have a significant influence on the physical and chemical properties, such as humidity and temperature , factors that control the biological functioning in Brazilian Savanna areas (De Carvalho Mendes et al., 2012) . Notwithstanding, in spite of the importance of the PNSC, the work done so far is related to botanical (Oliveira et al., 2010) , soil chemical and microbiological (Araújo et al., 2017) and geomorphological aspects (IBDF, 1979) . In this sense, information on soil invertebrates is extremely relevant, since it can provide data on nutrient cycling and the regulation of primary productivity in these environments (Bustamante et al., 2004) .
In general, studies that provide information on the Cerrado soil fauna address the way in which the fauna diversity responds to changes depending on the land use (Gomes et al., 2007; Mussury et al., 2008) , since these invertebrates are sensitive to the changes generated by the creation of agroecosystems (Decaens et al., 2004) . On the other hand, few studies have evaluated the fauna behavior in soils under preserved environments (Pereira et al., 2013) .
There are several factors that may influence the abundance, activity, composition and diversity of the edaphic fauna, such as edaphic factors (soil type, predominant minerals, temperature, pH, organic matter, humidity, texture and structure), those related to vegetation (physiognomy and cover), and historical (especially anthropic but also geological), topographical (physiographic position, inclination) and climatic factors (rainfall, temperature, wind, relative air humidity) (Machado et al., 2015) . Works performed by Rantalainen et al. (2004) and Chust et al. (2003) verified that the mosaic of vegetation types or successional stages can show patterns of diversity and composition of the edaphic community, depending on the quantity and quality of litter in a specific habitat. These invertebrates have a wide variety of size and diameter, which gives them a differentiated hability in their feeding strategy and habitat adaptation (Aquino et al, 2008) , which, in turn, can influence the soil processes directly through physical modification of the litter and the soil environment, and indirectly through interactions with the microbial community (Gonzalez et al., 2001 ). The direct effects on biogeochemical cycling occur through fragmentation, a process known as metabiosis, and by the incorporation of plant debris into the soil, resulting in the creation of new microhabitats, increasing the number of ecological niches and also leading to a complex food chain, allowing the colonization of new species of microorganisms, fauna and even vegetables, thus increasing biodiversity (Correia and Oliveira, 2005) .
The objective of this work was to characterize the edaphic fauna throughout a vegetation gradient of the Sete Cidades National Park, in two distinct seasons of the year (summer and winter).
Materials and Methods
The research was carried out in the Sete Cidades National Park (PNSC) (04°02'-08' S and 41º40'-45' W), located in the Parnaíba sedimentary basin, in a marginal area of the Savanna domain, between the municipalities of Brasileira and Piracuruca, state of Piauí. The climate is classified as C2w2A'4a', tropical subhumid-humid, megathermal and of small annual thermal amplitude, with an average maximum annual temperature of 28.1 ºC and a minimum of 25.6 ºC. The area has a strong seasonality, with a rainy season (December to May) and a dry season (June to November), and average annual rainfall of 1,557.8 mm. The topography is smooth wavy and the altitudes vary from 150 to 290 m. The soil type and texture in the studied areas are presented in Table 1 .
The study was conducted throughout a vegetation gradient formed by the phytophysiognomies: Graminoid Field (GRF), Cerrado Sensu Stricto (CSS), Cerradão (CRD) and Seasonal Semideciduous Forest (SSF). Oliveira et al. 2010 , studying the characterization of the vegetation types of PNSC, found a predominantly herbaceous physiognomy in GRF, with robust plants. The CSS and CRD areas showed two extracts, herbaceous-shrub and shrub-tree, with the latter being more scarce in the first area. In turn, the SSF presented a forest and closed aspect, formed by trees around 9 m, with abundance of shrub in the understory and absence of herbaceous extract. The edaphoclimatic properties along the gradient of vegetation are shown in Table 2 .
The soil fauna was collected using pitfall traps that consisted of plastic containers (10 cm height, 10 cm diameter), filled with 2% formaldehyde containing two drops of detergent, to break the surface tension of the solution to about 1/3 of their volume, being buried in the ground with their opening exactly at soil level. A total of eight traps were placed in each area, which were used as repetition, with an average distance of 8 m between each in the form of a transect in the central part of each system, where they remained for seven days. To verify a possible seasonal variation in the structure of the macrofauna community, two samplings were performed: one in the rainy season (march 2015) and another in the dry season (september 2015) of the study region. After the collection, the material was packed in identified bottles containing 70% alcohol for fixing. The organisms were taken to the laboratory and, with the aid of a binocular loupe, they were separated and identified at the level of large taxonomic groups.
Later, comparisons of the communities of the different vegetation formations were made by means of density (number of individuals trap -1 day -1
), total richness (number of taxonomic groups present), average richness (average number of taxonomic groups present in each trap).
Shannon diversity index, a suitable index used in soil ecology, is able to indicate higher values to the rare species present in the community, (H = -Σ pi x log2 pi), where pi is the proportion of individuals belonging to the nth family. Pielou equability index (H logS-1), where H corresponds to the Shannon index, n is the total number of individuals in the community and S is the total number of species found in each management system. These variables present an adequate response pattern for comparisons of different environmental situations.
The results of the number of individuals collected and richness edaphic fauna groups were submitted to analysis of variance and the comparison of means between each system was done by means of the application of Tukey test at 5%, through R software (R Core Team, 2016) . A multivariate analysis of principal components was carried out using the CANOCO (version 5) (Ter Braak and Smilauer, 2012) , between taxonomic groups and soil management systems.
Results and Discussion
The highest abundance of edaphic fauna was recorded in SSF areas, with 18.28 individuals trap -1 day -1 , and in GRF, with 21.3 individuals trap -1 day -1 , in rainy and dry seasons, respectively (Table 3 ). In the rainy season, there was a tendency to increase the number of individuals according to the complexity of the vegetation formation. In turn, in the dry season, this situation has reversed. In general, higher densities of individuals of the soil fauna occur due to the greater presence of ants, which are social insects, and tend to be sampled in aggregates with a high number of individuals (Menezes et al., 2009) .
By analyzing the mean standard error of the number of individuals, a great environmental heterogeneity was observed, which showed an effect of seasonality in this study. Thus, in the wet season, the standard error in all systems was shown to be close, ranging from 22 to 26% (Figure 1) . However, there was a tendency to increase the standard error in the dry season, which in CRD and GRF represented 40 and 38% of the average, respectively, well above the CRD and SSF groups that present values of this variable of 27 and 32% and shows that certain groups of invertebrates were found in only a few traps. This increase in spatial variability in forest systems probably indicates a seasonal change in the availability of the resources used by the fauna, which causes high density due to more favorable abiotic factors (temperature, luminosity and humidity), wich vary according to seasons of the year (seasonality) and different types of habitats and microhabitats (fields and forests), as also observed by Menezes et al. (2009) and Yankelevich et al. (2006) .
The results of this research showed that the vegetation gradient of the studied areas resulted in an environmental variation of the climatic factors temperature and humidity, contributing to this observed heterogeneous distribution. There was an increase of more than 3 °C in the temperature of GRF in relation to the other vegetation formations, and humidity near zero in the dry season ( Table 2 ). This occurred due to the sandy texture associated with this feature, which favors easier water loss. In addition, GRF shows (Oliveira et al., 2010 ) that little prevent the direct incidence of solar radiation, contributing to the increase of soil temperature. Regarding the diversity variables, it was observed that GRF showed a significantly lower value of average richnessonly in the dry season. Regarding the Shannon's index and the Pielou index, which represents the uniformity of the distribution of the number of individuals in the different groups in each area, no drastic variations were shown in relation to the studied vegetation gradient.
Several studies have shown a pattern of increase of these variables as a function of successional advancement or environmental preservation as compared with anthropic lands (Tews et al., 2004; Moço et al., 2005; Gomes et al., 2007; Mussury et al., 2008; Machado et al., 2015) . These authors concluded that the structural complexity of the vegetation in terms of diversity, led to higher deposition and better quality of litter, providing more favorable conditions of food resources, shelter and reproduction. Therefore, any intervention, be it anthropogenic or natural, can potentially affect the dynamics of the soil fauna and, consequently, the ecological functions in which it is involved.
Therefore, although there is a vegetative gradient in these areas, the absence of major differences between the edaphic fauna variables studied in these different phytophysiognomies can be attributed to the fact that these vegetation formations are located in a permanent preservation area without any anthropic action.
In general, the groups Acari, Aranae, Collembolla, Coleoptera, Diptera and Formicidae were present in good proportions in all vegetation formations and in both periods (Table 4 ). According to Brown (1997) , the individuals or species of these orders constitute the most important bioindicators of the soil fauna, with the exception of the individuals of the group Aranae.
The groups Formicidae and Coleoptera, which present saprophagous and predatory organisms -in addition to individuals that simultaneously exercise these two functions -, had the highest concentrations in the rainy season in GRF, CSS, CRD and SSF, respectively. However in the dry period, the Coleoptera presented a drastic reduction. A study carried out by Nunes et al. (2008) showed that these organisms represented about 40% of the total of individuals in a forest under caatinga in the rainy season, being favored by dense litter. In turn, Martins et al. (2009) found that more simplified environments favor the reduction of species of this group, mainly due to the alteration of the microclimate, since temperature and soil humidity are factors that regulate the distribution of these insects.
Seasonality also influenced the presence of coleopteran larvae, which occurred only in the rainy season, because the larval stage of this insect is found only in the period of good soil moisture (Assis Junior, 2000) . In a previous study, Araújo et al. (2010) found, in the top layer of the soil from Caatinga forest, an abundance of 14% of insects, in larval stage, during the rainy season and only 3.8% of insects under water stress conditions. Means followed by the same letter in the column did not differ statistically from each other by the Tukey's test (P <0.05). GRF -Graminoid Field; CSS -Cerrado Sensu Stricto; CRD -Cerradão; SSF -Semideciduous Seasonal Forest. On the other hand, the presence of Formicidae under adverse conditions (rainy and dry conditions) is due to the fact that this group comprises one third of the total biomass of insects found in Brazilian forests, or because they are important for cycling of nutrients and forest regeneration (Leal, 2004) . This group also dominates the soil macrofauna in others areas under tropical savanna, such as Colombian Llanos (Decaëns et al., 2004) and Brazilian Cerrado (Marchão et al., 2009) , as well as arid ecosystems from Brazil Vasconcellos et al., 2010) .
Another highlight may be given to the microfauna group Collembola, being present in all vegetation formations, mainly during the dry period. These organisms have a strong interaction with the soil due to dietary habits, participating in the nutrient cycling, either by decomposing organic matter or by feeding fungi and bacteria (Bellini and Zeppelini, 2009) . As a result, some studies have shown that preserved areas provide better edaphic conditions and are able to withstand greater abundance and diversity of Collembola in comparison to areas that have suffered greater anthropic interference (Maunsell et al., 2013; Cassagne et al., 2006) .
With the principal component analysis (PCA) for the two periods (Figure 2) , it is possible to separate the studied units by their differences in the composition of the edaphic macrofauna community.
In the rainy season, this analysis shows the predominance of Formicidae, Isoptera, Homoptera and Orthoptera in the GRF macrofauna community; of Acari, Collembola, Thysanura and Pseudoscorpionidae and Heteroptera in the CSS macrofauna; while showing SFMS and SFAS more related to the groups Coleoptera, Blatodea, Coleoptera larvae, Diptera and Hymenoptera. It was also verified the presence of some groups such as Aranae, Heteroptera and Diplopoda that did not show predominance over any vegetation formation. Principal component analysis (PCA) for the dry period showed greater proximity to the SSF and CRD units, which were related to Blatodea, Diptera and Psocoptera. The GRF and CSS were more distant from the previous ones and, among them: GRF was related to the group Isoptera, and CSS to the groups Diplopoda and Pseudoscorpionidae. In this period, the groups Acari, Collembola, Hymenoptera and Orthoptera were not associated to any phytophysiognomy. Although this study was carried out in an area with different phytophysiognomies that range from herbaceous formation to a forest formed by a closed arboreal extract, the greater presence of litter was not determinant for the dominance of certain groups in these vegetation formations. Therefore, the presence of saprophagous and predatory groups was observed in all areas, in addition to other groups that were not closely associated with a given area. As the PNSC is located in an area of permanent preservation, it is possible that the absence of anthropic action provides an environment that favors the colonization of the edaphic fauna with similar richness, diversity and uniformity.
Conclusions
The macrofauna community was not affected by the increase of the vegetation diversity, not showing a progressive increase of the variables analyzed in relation to the successional stages.
Seasonality had an effect on density and average richness, not altering the total fauna diversity in the different systems.
The dominant groups in the vegetation gradient were Formicidae, Coleoptera, Aranae, Acari and Collembola, with reduction of the number of Coleoptera in the dry season. In the more complex formations, a greater diversity of invertebrates was found.
